Examination of the 
Cardiovascular 
System 


NRMSM 2016 
A"d Year 


Overview: 


Skills in red to be mastered in Theme 2.2 
The Cardiac Cycle 

Heart Sounds Physiology 

Use of a Stethoscope in medicine. 
Preparing the patient for the examination 


Looking for some signs of cardiovascular disease on a 
focused "general" examination - done in 2.1 - note CVS 
focus 


Examining the arterial pulses - done in Year 1 - please revise 
for logbook 


Measuring the blood pressure - done in Year 1 - please 
revise for logbook 


Examining the venous pulses-jugular venous pressure (JVP) 
Examination of praecordium 
* Inspection 


NN. NASA, ААА СЫНАҚ сс... 


The Cardiac Cycle 


* The sequential excitation of the cardiac myocytes 
results in an organised sequence of muscle 
contraction, leading to the pumping of blood 
through the heart. 

* The sequence of events which make up each 
heart beat is called the cardiac cycle. 

* The different phases of the cardiac cycle can be 
related to the changes in pressure which occur in 
different parts of the heart. 

* These changes in pressure determine the 
opening and closing of the heart valves and the 

7. flow of blood through the heart. 


The Cardiac Cycle ctnd 


* The amount of blood pumped at each heart beat is called the 
stroke volume (SV), which is about 70 mL in an 'average' person 
at rest, and the amount of blood pumped per minute in called the 
cardiac output (CO). 

* Given that an average resting heart rate is about 70 bpm, this 
gives an average cardiac output at rest of about 5 L/min. 

> However, cardiac output varies widely between individuals, 
dependent on their energy demands. 

* The period of contraction of the heart muscle is called systole and 
the period of relaxation is called diastole. 

* The atria and the ventricles contract and relax at different phases 
of the cardiac cycle so there are separate phases of atrial systole 
and diastole and ventricular systole and diastole. 


> However, when the terms are used on their own they usually refer 
to the ventricles. 
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Atrial Systole 


* Atrial systole is the first phase of the cardiac 
cycle which occurs just after the P wave of the 
ECG. 


> Before this the blood returning to the heart has 
been entering the atria and passively flowing into 
the ventricles. 


> The atria then contract and blood is forced into 
the ventricles. 


* However, at rest, most of the blood enters the 
ventricles by passive filling and the atrial 
contraction only increases the amount of blood in 

~ the ventricles by about 15-20%. 


Ventricular Systole 


* The contraction of the ventricles commences immediately after 
the QRS complex of the ECG and the first thing that occurs is that 
the increase in pressure in the ventricle causes the AV (mitral and 
tricuspid) valves to close. 


* The closure of the AV valves ensures that blood cannot move 
back into the atria. 


* The closure of the AV valves produces the first heart sound (S1), 
mainly caused by the movement of blood in the ventricles and the 
vibration of the ventricular walls (Fig. 11.19 trace B). 

* The sound is best heard near the apex of the heart and is 
sometimes described as a 'lubb' sound. 

* The first part of ventricular systole occurs without a change in the 
volume of the ventricle, as the semilunar valves (aortic and 
pulmonary) are still shut. 

~ > This is because the pressures in the aorta and the pulmonary 

| "9 nk are higher than іп the ventricles 


pl 
? 


а 


= 
= 
m 
= 
= 
и 
= 
= 


mo EM 


М 


8 


аа оғ TA 


Copyright © Ұма En Saunders жагы imprint с” Ele, Ld. AN Qs mesere. 


Ventricular systole cntnd 


* This phase is called isovolumetric contraction (IVC), during 
which time the pressure in the ventricles rises rapidly. 


* When the pressure in the ventricles exceeds the pressures 
in the large arteries, the semilunar valves open and blood 
starts to flow out of the ventricles. 


* During this ventricular ejection phase the volume of the 
ventricles is reduced and blood is forced into the arteries 
where the pressure starts to rise. 

* The ventricular contraction starts at the apex and spreads 
towards the base. 

* This means that blood is forced upwards towards the 
openings of the semilunar valves. 

* During this period the atria relax and start to fill with blood. 

~ The AV valves are still closed and the atrial pressure starts 
tom 


Ventricular Diastole 


* When the T wave of the ECG occurs, signalling ventricular 
depolarisation, the ventricles start to relax. 


* Asthe pressure in the ventricles falls below that in the 
aorta and pulmonary trunk, the back pressure of blood in 
the arteries closes the semilunar valves ensuring that blood 
cannot flow back into the heart. 


* Closure of the semilunar valves produces the second heart 
sound (52). 


* The second heart sound is shorter, but quieter than the 
first, is described as 'dubb' and is best heard towards the 
base of the heart. 


* Because the pulmonary and systemic circulations operate 
at different pressures this does not always occur 
— ШЫ and so the second heart sound is 
— Tres ily heard as two split sounds. 


Ventricular Diastole cntnd 


* The closure of the aortic valve results in a slight increase in the 
pressure in the aorta as blood rebounds from the closed valves. 

* This is seen as a small dip on the pressure trace measured in the 
aorta, which coincides with aortic valve closure, followed by a rise 
and then gradual decline in aortic blood pressure. 

* This complex blip in the pressure trace is called the dicrotic notch 
(Fig. 11.19C, red line). 

* This initial phase of ventricular relaxation occurs without any 
change in ventricular volume and is known as isovolumetric 
relaxation (IVR). 

* During this time the atria have continued to fill with blood and 
when the pressure in the atria exceeds that in the ventricles the 
AV valves open and the blood flows rapidly into the ventricles. 

* This produces rapid ventricular filling with an increase in volume. 


Ventricular Diastole cntnd 


* The ventricular volume at the end of atrial systole, after 
ventricular filling, is called the end-diastolic volume (EDV) 
and is typically about 120 mL. 

* However, not all of this blood is expelled and the volume of 
blood remaining in the ventricle at the end of ventricular 
systole, called the ESV, is typically about 40-50 mL. 

* Thus the stroke volume is the difference between EDV and 
ESV, which at rest is around 70 mL. 

> If the heart muscle is weakened in a way which prevents 
full contraction, then the stroke volume will fall and hence 
cardiac output will be reduced. 


* Drugs that increase the force of contraction help to 
maintain cardiac output by increasing the stroke volume 
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Heart Sounds 


* On auscultation of the heart, besides the two main heart sounds 
(S1 and S2), two additional sounds may be heard in normal 
individuals during diastole 


* The third heart sound (S3) is due to rapid ventricular filling and 
can be heard at the apex of the heart as the AV valves open. 


> It is a normal sound in young people and children but can indicate 
heart failure or volume overload in older subjects. 


* The fourth heart sound (S4) occurs during atrial systole and is due 
to the rapid ventricular filling. 


* This is a normal sound in elderly subjects whose heart muscle 
may be stiffer and less compliant, but in younger people may 
indicate increased ventricular stiffness. 

* Completely smooth flowing blood is silent, but when blood flow is 
turbulent then sounds are produced due to the blood colliding with 

heart structures, which then vibrate and produce sound. 


Use Of a Stethoscope 


* The stethoscope contains a vibrating air column connecting the 
body wall to the ears. 

* Binaural instruments consist of a chest piece, plastic tubes, and 
two earpieces connected by a spring. 

* The bell is a hollow cone with a rim of hard rubber or plastic. 

* The bell transmits all sounds from the chest; the low-pitched 
sounds come through particularly well. 

* The low-pitched murmur of mitral stenosis and the fetal heart 
sounds may be audible only with the bell. 

* The diaphragm is a flat cup covered with a semirigid diaphragm 
that serves as a filter to limit low-pitched sounds, so the isolated 
high-pitched sounds seem louder. 

* The diaphragm is best suited for high-pitched sounds from the 
heart and breath sounds. Cracks in the diaphragm impair its 

— properties. 


Use of a stethoscope cntnd 


* The stethoscope should fit the user's ears. The plastic or rubber 
earpiece should impinge on the external auditory meatus without 
discomfort or pain, yet fit tightly without air leakage. The spring, 
size, and design of the earpiece determine the tightness of the fit. 


* More art than meets the eye is required to use the stethoscope. 


* The diaphragm should be pressed tightly against the chest wall; 
in contrast, the rim of the bell should touch the chest wall lightly, 
but seal completely. 


* Heavy pressure with the bell stretches the underlying skin over 
the bell's circumference so the skin becomes a diaphragm 
excluding low-pitched sounds. 


* The entire rim of the bell must touch the skin; a roaring sound 

from extraneous noise warns the examiner of a leak. The listener 
may be distracted by extraneous noises coming through the walls 
of the tubing before learning to ignore these completely. 


Use of a Stethoscope 
cntnd 


Skin or hair rubbing on the chest piece produces sounds like crackles, 
which can be eliminated by wetting the hair or by placing a soft rubber rim 
on the bell. 


> Movements of muscles, joints, or tendons sound like friction rubs; be 
certain that you can recognize them. 


> If you do not hear the expected sounds with your first attempt, do not 
discredit your instrument or your ears; they are probably normal, but you 
need practice. 


> Use the bell for narrow spaces such as the supraclavicular fossae. Thin- 
walled chests present difficulties in fitting the chest piece into the 
interspaces without leakage. 

> Examine the instrument occasionally to ensure that it has no leaks or 
plugs of cerumen or other debris. 


Use of a Stethoscope 
cntnd 


Auscultation is used to examine the heart and lungs. From the lungs, the 
stethoscope conveys breath sounds, whispers, and voice sounds, as well as 
crackles and friction rubs. 


* The heart generates the normal heart sounds, gallops, murmurs, rhythm 
disturbances, and pericardial rubs and knocks. The vessels of the neck are 
examined for murmurs in the thyroid, carotid, and subclavian arteries and 
for venous hums. 


* Auscultation of the abdomen reveals bowel sounds and murmurs from 
aneurysms and stenotic arteries. The skull can be auscultated for the bruit 
of an arteriovenous fistula. 

> Crepitus can be heard in joints, tendon sheaths, muscles, and fractured 
bones, as well as in subcutaneous emphysema. 


tting your patient into the right position 


* Introduction, permission 

* Patient should lie at about 45 degrees 

* Chest and neck should be exposed, lower body 
covered 

* In the female, keep the breasts covered with a 
sheet when you are not actually examining the 
chest. 


General Assessment of your patient: 
* Is he Conscious? And co-operative? 


* Does the patient appear to be ill? 

* Is there a fever? (Take the temperature) 
е Respiration at rest:?Rapid ?Laboured 

* Nutritional Status ? Cachexia 


Focused general examination for the CVS: 


* Pallor, cyanosis central/peripheral, oedema 


* Nails: Signs of infective endocarditis e.g. 
Clubbing, Splinter haemorrhages etc look 
for Tobacco staining 

* Xanthomata: hands,arms,elbows,knees 

* EYES: Xanthelasma, Corneal arcus, 
conjunctival pallor, Jaundice 

* MOUTH: Pallor, Oral thrush, High arched 

palate (Marfan's syndrome), Petechiae, 

State of dentition (endocarditis) 

Central cyanosis , Tongue and Lips 

Butterfly skin rash (SLE) 

Radial Pulse 

Blood pressure 


Linear 
haemorrhas 
Lie parallel 
the long axis 
the nail | 
Most often due 
to trauma, 
particularly in 
manual workers 
Important 
cause is 
infective 

k епс ОС 


KG 
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CVS: Corneal arcus 


Talley & O'Conner: Clinical Examination, 6th Edition. 
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.Calf tenderness 


CVS: Legs 


Peripheral pulses (eg palpate both 
femoral arteries and listen for bruit) 
Pitting pedal oedema 

Cyanosis 

Clubbing of the toes 

Evidence of ischaemia 

Cold limbs or temperature difference 
Trophic changes and scars 
Ulceration: peripheral vascular disease 
Pressure sores 

Achilles tendon xanthomata 


Peer On 


* Yellow or orant 
lipid in the : 
* Hands 
* Arms 
e Occur in type T 
hyperlipidaeti 
Other: 
* Palmar 
* Tuboeruptive 
* Sites 
* Elbows 
* Knees 
* Characteristic of type III 
hyperlipidaemia 


* Talley GE: Figure 4.12 


.* Tuboeruptive xanthomata of 
knee 
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* Use the left hand to support the patient's 
forearm 

* Wrist must be fully extended to stretch the 
artery and forearm slightly pronated. 

* Lay the pulps of the forefinger and middle 

finger of the right hand just within the radial 


a 


Assess the radial pulse 


Describe the following properties of the 
pulse- 
Rate 
Rhythm 
Radial-radial inequality 
Feel for radiofemoral delay (which 
occurs in coarctation of the aorta) 
NOTE: The following are best assessed 
at the carotid or brachial arteries: 
* Character 
| 7 £&. Volume 


Rate of radial pulse 


* Formal counting over 30 seconds is 
accurate 
* Normal heart rate: 
* Between 60 and 100 beats per 
minute 
* Abnormal rates 
* Bradycardia: Less than 60 beats per 
minute 
7 Tachycardia: over 100 beats per 


urther Assessment of the Pulse 


* Assess the brachial pulse in the antecubital fossa, 
about one third of the way across from the medial 
side of the supinated forearm. Use the left hand to 
support the patient's arm, Ensure that the elbow is 
fully extended. 

* Assessing the carotid pulses, assess 
character ,volume, Feel each carotid separately and 
listen ove 

° Further as 
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CVS: Inspection 
Neck 


* Jugular venous pressure: 
* Height 
* Effect of inspiration 
* Usual: Decreases with inspiration 
* Kussmaul's sign: increases with 
inspiration 
* Look carefully on both sides of the neck 
* Turn the patient's head both towards and away 
from you so that you can look obliquely across 
the neck 


Measure the jugula 
venous pressure 
(JVP) 


* Talley GE: Figure 4.5 
* Relationships between 
the following are shown 
* Sternomastoid 
muscle 
• JVP 
* Sternal angle 
e Mid-right atrium 
* Also shown 
* Main vascular 
structures 
* Clavicle 
ternocleidomastoid 


Sternal ongle eee. 


Patient lying at 45* 
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easure the jugular venous pressure (ТҮР) 


Important Physics point: 

* If the column is at any angle other than vertical, the 
fluid will continue tracking along its vessel until it 
reaches a vertical height of 2 cm 

* (Though it may appear to have travelled further up the 
tube, it will always reach the same vertical height.) 


sure the jugular venous pressure (J 


* The JVP is approximately 2 cm in the normal situation 

* [tis usually best appreciated behind the clavicles with 
the patient lying at 45 degrees 

* Look carefully behind the clavicles , Be prepared to 
look on both sides. 

* Note particularly that it is often easiest to appreciate 
the waveform in profile, looking obliquely across the 
opposite side of the neck, rather than directly down on 
to the JVP 

* Internal jugular vein: deep in the sternomastoid 
muscle 

* External jugular vein: lateral to sternomastoid muscle 

* Traditionally, use of the external jugular vein to 
estimate venous pressure is discouraged 

* But, the RIGHT internal and external jugular veins 
usually give consistent readings. 

tip: the RIGHT external jugular vein is 

| 5 RIGHT ventricular failure: Simjee's 


sure the jugular venous pressure (J 


* Pulsations that occur in the right-sided veins reflect 
movements of the top of a column of blood that 
extends directly into the right atrium 

* Column of blood is used as a manometer 
* Enables us to observe pressure changes in the right 
atrium. 

* By convention, the sternal angle is taken as the zero 
point (reference point) 

* Maximum height of pulsations in the internal jugular 
vein, which are visible above this level when the 
patient is at 45 degrees, is measured in centimetres 
above the sternal angle 

* In the average person the centre of the right atrium 

7 lies 5 cm below this zero point 


asure the jugular venous pressure (JVP) 


Typically, this means that the venous waves are visible 
just above the clavicle when the patient is sitting at 30- 
45 degrees. 


> 


asure the jugular venous pressure (ТҮР) 


You may not see the jugular venous pulsations if: 


І 


The JVP is somewhat low. In this case the 
pulsations will lie below the clavicle and will only 
become visible if you lower the head of the bed. 
The JVP is very high. In this case the pulsations 
will in fact lie within the skull, but may become 
visible if you sit your patient upright. 

Be prepared therefore to adjust your patient's 
position before deciding that the JVP is not 
visible. 

You may have to move him to a more upright 
position... 

Or you may have to lower the bed to about 30 
degrees 


The venous waves are distinguished from carotid 
arterial pulsations by the following: 


| They have a double or triple wave-form 

| Softer 

| Gentler 

1 More rounded 

| They tend to rise and fall with respiration (fall with 
inspiration and rise with expiration). 

| Unlike an arterial pulsation, venous pulsations are of 
low pressure, easily occluded by laying a finger across 
the base of the neck thus preventing transmission of 
the pressure waves up the jugular vein 

1 Hepato-jugular reflux- Compression on the liver leads 
to jugular venous distension due to "reflux" of blood 
from the hepatic veins into the right atrium through 
the inferior venacava. 


"he jugular venous pressure (JVP) 


PRAECORDIUM 


Inspection: 


* Surgical scars 

* Visible pulsations 

* Chest deformities 

Palpation: 

* Abnormal impulses or thrills 

* Parasternal lift on the left (RVH) 

* Palpable heart sounds (P2 in pulmonary 
hypertension) 

* Apex beat (With each heartbeat, the heart tends 
to swivel round its vertical axis, throwing the tip 
or apex of the left ventricle against the left 
anterior chest wall. This gives rise to a palpable 
impulse known as the apex beat. 

NB: Beware of dextrocardia 


alpation of the praecordium 


With pulmonary hypertension, the second sound 
may become so loud that it is palpable in the 
pulmonary area - to the left of the sternum, in the 
2nd interspace. Feel here with the flat of the hand. 
With hypertrophy of the right ventricle, a thrusting 
sensation or "heave" may be palpable along or just 
to the left of the sternum. 

Both of these will be accentuated when the patient 
leans forward, throwing the right ventricle up 


Palpation of the apex 


* Locate apex beat 
* Most inferolateral position 
* 5% [t intercostal space - count 
the number of intercostal 


spaces 
e At or 1cm medial to mid- 
clavicular line 
* As well as location, assess character 
* Assess for thrills 


* Locate apex beat: Most inferolateral position,5" Lt 
intercostal space - count the number of intercostal 
spaces, At or 1cm medial to mid- clavicular line. 

* assess character 

* Assess for thrills. 
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When the ventricle is dilated - implying ventricular 
weakness or damage - the apex is laterally 
displaced, and may be felt 

, in the 


alpation of the apex 


* Thus the further out the apex is felt, the more 
dilated the heart. 

* Occasionally displacement of the whole 
mediastinum, for instance by a pneumothorax, 
can also displace the apex 


Palpation of the apex 


* Often difficult or even impossible to feel the apex, 
particularly in the obese patient. In such cases it can 
be helpful to turn the patient onto his left side, which 
will throw the ventricle against the chest wall. In this 
position, one cannot comment on the position of the 
apex (which has now been distorted), but one can 
comment on the character. 


alpation of the apex 


The pattern and the vigour of left 
ventricular contraction can be 
gauged by careful study of the apex 
beat. Practice is required in order to 
learn to recognise 
* Normal apex 
* Slow-rise-and-fall (pressure- 
overloaded) apex (Heaving Apex) 

* Rapid-rise-and-fall (volume- 

_ overloaded) apex (Hyperdyanamic 


Ipation of the praecordium 


A hypertrophied right ventricle may also give rise to 
a pulsation in the epigastrium, below the sternum. 
Feel here too. 


PRAECORDIUM - 
Percussion 


May be helpful 
if 
there is uncertainty 
about cardiac enlargement. 


Surface 
anatomy of 

* Heart 

* Cardiac 

valves 

Talley: Figure 
4.1 
The areas best 
for auscultation 
do not exactly 
correlate with 


. the anatomical 


ecation of the 
valves" 


Aortic area Pulmonary area 


Mitral area 


Talley & O'Conner: Clinical Examination, 6th Edition. 
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Now listen to the heart sounds. In order to auscultate 
efficiently, you must remember five principles: 


1 Sounds originating from each valve tend to be 
conducted to the surface at a specific point on the 
surface, hence you should concentrate your listening 
at each of four places. 


Ee 


Auscultation of the heart 


2 Sounds arising from the left-sided valves (mitral and 
aortic) tend to be louder on expiration, while those 
from right-sided valves (pulmonary and tricuspid) 
tend to be louder on inspiration. Therefore you must 
get your patient to inspire and to expire deeply as you 
listen in each area (dynamic auscultation). 


Auscultation of the heart 


З Sounds arising from those valves placed towards the 
front of the heart may be accentuated when the 
patient leans forward, thus throwing the heart 
against the anterior chest wall. Thus, having listened 

in the reclining position, you should sit the patient 

forward and listen to the aortic, pulmonary and 


Auscultation of the heart 


4 Sound arising from the mitral valve tends to be 
conducted to the apex and may be accentuated when 
the patient lies on the left side, thus throwing the 

heart against the left lateral chest wall. Having 

listened in the reclining and the upright positions, 
you should lie the patient on his left side and listen to 


Auscultation of the heart 


Use the bell particularly for low-pitched mitral 
sounds, and sometimes, for tricuspid murmurs. 

For the sake of speed, use the diaphragm in all areas 
initially: you may use the bell to listen to the 
tricuspid area when the patient sits forward; when 
you roll the patient on to his left hand side to listen 
to the mitral area, use the bell. 


Auscultation of the heart 


Have your patient lying at 45 degrees, breathing deeply, 
quietly and slowly throughout the examination. If 
necessary, show him how he should breathe. 


Now sit the patient forward, and listen with the 
diaphragm in the pulmonary, aortic and tricuspid areas, 
in both forced inspiration and expiration. (You may also 
use the bell in the tricuspid area if you wish.) 
Concentrate in listening at the end of inspiration in the 
pulmonary and tricuspid areas, and at the end of 
expiration in the aortic area. Ask your patient to hold his 
breath if you need more time to listen. 


Finally turn the patient on to his left side, and listen to 
the mitral area with the bell, concentrating on the sounds 
heard after exhalation 

zmur can often be accentuated by exercising the 
patient, SO increase cardiac output(dynamic 
auscultation). S 


Auscultation of the heart - 
summary 


* Position the patient at 45 degrees 
* Start in the mitral area - auscultate in specific sites for each 
valve and left sternal border 
* Use : Bell - low-pitched sounds , Diaphragm - high-pitched 
sounds 
* Listen for each component of the cardiac cycle separately 
* Identify the first and second heart sounds 51 and S2 (timing 
using carotid pulse) 
* Decide if they are of :Normal intensity or is second heart 
sound is normally split? 
* Then listen for Extra heart sounds such as S3 and 54 
Listen for Murmurs: 
Location-where heard best 
* Relationship to the cardiac cycle-systolic (eg MI) or 
е diastolic (eg MS) or continuous (eg PDA) 
SS. Intensity or loudness 
“eS "mdiation-to neck, axilla or back 


Auscultation of the heart - 
summary (continued) 


e Reposition the patient: left lateral position 


Again feel the apex beat for character (particularly tapping) 
Auscultate 


e Sit the patient up 


Palpate for thrills (with the patient in full expiration) at the 
left sternal edge and base. 

Then auscultate again 

Remember dynamic ausculatation and effect of respiration 
With the patient sitting up, note the back for: Scars, 
Deformity e.g. ankylosing spondylitis with aortic regurgitation 
Examine the respiratory system-Percuss the back to exclude a 
pleural effusion e.g. due to left ventricular failure 

Listen for fine inspiratory crackles at bases: left ventricular 
failure 

If there is a radiofemoral delay, listen for a coarctation 
murmur over the back. 

Feel for sacral oedema 


Special features in abdomen 


in CVS examination - 
to be done in detail in 


Preferably yide s elo only 


* Look for pulsations and surgical scars 
е Liver: КУЕ 
Hepatomegaly 

* Pulsatile 

* Tenderness 
* Spleen: infective endocarditis 
* Aorta: 

* Listen for bruit over aorta (and renal 

arteries) 
* Aneurysm 
ercuss for ascites: right heart failure 


Further relevant 
examination - detail will be 
done later 


* Examine the fundi of the eye 
(neurological exam) 
* Hypertensive changes 
* Roth's spots in endocarditis 
* Examine the urine: haematuria in 
endocarditis 
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